The effect of liposomes on thermotropic membrane phase transitions of bovine spermatozoa and oocytes: implications for reducing chilling sensitivity.
We have examined the effects of combinations between egg-phosphatidylcholine (EPC) or dipalmitoylphosphatidylcholine (DPPC) liposomes with either bovine spermatozoa or oocytes on cellular chilling sensitivity, lipid phase transition temperature (T(m)), and the ability of the oocytes to develop to the blastocyst stage. Spermatozoa and oocytes were exposed to EPC and DPPC liposomes at various temperatures (spermatozoa: 4, 12, 16, and 25 degrees C; oocytes: 4, 16, and 32 degrees C). The membrane integrity of the spermatozoa-control group decreased significantly following exposure to 16 or 12 degrees C, compared to ambient temperature (25 degrees C). In contrast, the EPC-sperm group had a greater resistance to chilling at each temperature and showed a decline in membrane integrity only at the lowest temperatures investigated. However, the DPPC-sperm group was injured significantly at all temperatures tested. Similar to the sperm, oocytes from the control group that were exposed to 16 degrees C were injured more severely than oocytes that were electrofused with EPC or DPPC liposomes. The membrane integrity of the oocytes at 16 degrees C that were electrofused with either EPC or DPPC liposomes was approximately the same as the control group held at 32 degrees C (normalized to 100%), compared to 46% in the control group at 16 degrees C (P<0.01). The transition temperatures of the sperm and oocyte membranes revealed different T(m) for the different liposome treatments. All groups had a significantly higher cleavage rate, as well as increased blastocyst formation when oocytes were exposed to temperatures above or below their T(m). We suggest that the T(m) of spermatozoa or oocytes can be changed by spontaneous association or electrofusion of liposomes with cellular membranes and, consequently, the chilling sensitivity can be altered. The resulting possibility is that embryo development after cryopreservation could be improved with such a method.